Background/Objectives: Vitamin A deficiency (VAD) is a world public health problem contributing to the increase in childhood morbidity and mortality in developing countries and severe deficiency of vitamin A may lead to xerophthalmia and blindness. The objective of this study was to determine the prevalence of VAD among Brazilian school-aged children attended at a primary health unit and to verify if some considered risk factor was associated with VAD in this group. Subjects/Methods: A descriptive prospective transverse study was conducted on 103 randomly selected children. A total of 54 boys and 49 girls aged 5.5-11 years had the relative dose-response (RDR) test performed on. Possible ocular alterations related to vitamin A and the status of anemia, serum zinc, some acute-phase proteins, and anthropometric situation were determinate by an analytic design. Results: No child presented xerophthalmia. Serum retinol values lower than 1.05 and 0.7 mmol l À1 , respectively were found in 26.2 and 5.8% of the children. The prevalence of hypovitaminosis detected by RDR test was 20.4%. The following variables and their relationship with VAD were evaluated: sex (P ¼ 0.33; 95% confidence interval 0.61-4.34), weight and height (PX0.5), hemoglobin (P ¼ 0.15), C-reactive protein (P ¼ 0.56; 95% confidence interval 0.75-18.26), a-1-acid-glycoprotein (P ¼ 0.56; 95% confidence interval 0.15-15.42) and serum zinc (P ¼ 0.31). None of these variables was related to VAD. Conclusions: In this population, the prevalence of VAD detected could be considered a public health problem. School-aged children can be considered at risk for VAD mainly of a subclinical level, even without some associated risk factors.
Introduction
Vitamin A (VA) is an essential nutrient required in small quantities for important biological processes. Although its role in vision is well known, VA also participates in the regulation of cell proliferation and differentiation, reproduction, fetal development, immune function and many other metabolic processes (McLaren and Frigg, 2001; Zimmermann et al., 2006) . Vitamin A deficiency (VAD) is a public health problem among preschool children in 118 countries of the world. Approximately 127 million children younger than 5 years are estimated to have VAD (serum retinol concentrations below 0.7 mmol l À1 or abnormalities of conjunctival epithelial differentiation) and about 4.4 million of them are estimated to have xerophthalmia (West, 2002) . In addition to the ingestion of VA below the recommended levels, several factors may be associated, aggravating and/or contributing to VAD, such as protein-calorie malnutrition, low serum zinc levels, iron deficiency anemia and infectious stress. These factors frequently lead to the final common pathway of low ingestion of foods rich in VA (World Health Organization, 1996; McLaren and Frigg, 2001; Ferraz et al., 2004; Yamamura et al., 2004; Paiva et al., 2006) .
The identification of populations at risk for VAD is an important tool to target groups that would benefit from interventions to improve VA status. Indicators such as xerophthalmia, Bitot's spots, xerosis or corneal scars are used to determine the prevalence of clinical VA deficiency in populations.
Some studies have pointed out that some of the effects of VAD detected in adolescents, pregnant women and nursing mothers may have originated at earlier ages and might have had less deleterious consequences if control measures had been implemented during their genesis (Loerch et al., 1979; Flores et al., 1984; Sommer and West, 1996; West, 2002; Ferraz et al., 2004) .
Several studies have been conducted over the past few years in an attempt to evaluate the prevalence of hypovitaminosis A in the world. The overwhelming majority of reports of this deficiency occur in many developing countries, especially among children and in a subclinical manner (Ramalho et al., 2002; West, 2002; Ferraz et al., 2004; Paiva et al., 2006) . In spite of these studies, population data regarding the prevalence of VAD among school-aged children are rare. A pioneering attempt to identify VAD in children in this age range in Southeast Asia suggested that 23.4% of the population aged 5-15 years (83 million) had blood retinol concentrations lower than 0.7 mmol l À1 (Singh and West, 2004) . The measurement of serum retinol concentrations is frequently used in the diagnosis of VAD; however, it may not be correlated with VA store (Van den Berg, 1996) . In deficient conditions, a dose of VA can increase the circulating retinol-binding protein. This phenomenon is the basis of the relative dose-response (RDR) test that is considered to be a 'gold standard' method for the indirect assessment of hepatic VA stores (Muto et al., 1972; Amédée-Manesme et al., 1984 , 1987 Flores et al., 1984) .
Since VA is fundamental for homeostasis of the organism and its deficiency can contribute to childhood morbidity and mortality even in subclinical situations, possibly generating serious disorders in these children that compromise their health status and development including repercussions on future life, it is important to determine the frequency and severity of VAD also among children of school age. Thus, the aim of the present study was to determine the prevalence of VAD among Brazilian schoolchildren enrolled in a basic health care service using the RDR test and to verify if some variables frequently associated with this deficiency were present in this population.
Subjects and methods

Study design and sampling
This was a prospective and descriptive transverse study addressed also by analytic designs conducted on 103 children aged 5.5-11 years who were regularly seen at a public basic pediatric clinic for routine follow-up at the periphery of Ribeirão Preto (São Paulo, Brazil), from 13 September 2003 to 12 March 2004. Of them 54 (52.4%) were boys and 49 (47.5%) were girls. After the routine pediatric appointment, the children were randomly invited to participate in the study. The purpose of the study was explained to the parents or persons responsible for the children, who gave written informed consent to participate. The study was approved by the Research Ethics Committee of the University Hospital, School of Medicine of Ribeirão Preto, University of São Paulo.
Children who had presented at least one episode of axillary temperature 437 1C measured with a thermometer during the preceding 15 days, or children who had evacuated three or more times with the elimination of liquid or semiliquid feces during a period of 24 h or children who had eliminated feces with blood visible by ectoscopy at least once during the 15 days preceding the study were excluded from the investigation.
The children underwent ocular inspection by the same physician (VICC) to detect the possible presence of conjunctival and corneal xerosis, Bitot's spots, corneal scars or xerophthalmia at the time of the first blood collection.
The height and the weight of fasting children were measured by VICC on the same day of blood collection according to the procedure detailed by other authors (Jellife, 1968; World Health Organization, 1995) .
Collection of blood samples
Two blood samples separated by an interval of 5 h were collected, with a minimum period of 6 h of fasting before the first collection. Immediately after the first blood collection, 1000 mg trans-retinyl palmitate miscible in water was administered to the children as recommended by the World Health Organization (WHO) for studies of VAD evaluation (McLaren and Frigg, 2001) . A small meal consisting of strawberry-flavored milk (200 ml) and a white bread, ham and mozzarella-type cheese sandwich was offered to the children. This snack represents the fatty meal recommended by the WHO for the execution of the RDR test (World Health Organization, 1996) .
The first blood sample was collected to perform the measurement of hemoglobin, C-reactive protein (CRP), a-1-acid-glycoprotein (AGP), serum zinc and serum retinol (A 0 ) and the second blood sample was collected just to measure serum retinol (A 5 ).
Laboratory analysis
Hemoglobin levels were determined by the Coulter STKS method (Coulter Corporation, Hialeah, FL, USA).
CRP and AGP were determined by atomic absorption spectrophotometry (Cobas Integra 700, Roche Nutley, NJ, USA) and immunoturbidimetry with TurbiTimeSystem (Dade Behring, Newark, NJ, USA).
Serum zinc was obtained by flame atomic absorption spectrophotometry (SpectrAA 55B, Varian, Techtron, Victoria, Australia).
To perform the retinol measurements, the sera were analyzed by HPLC. A model LC9 Shimadzu (Japan) apparatus with a 25 Â 0.46 cm C18 column (optical density 5), calibrated for retinol measurement at 325 nm wavelength was used. The flow of the mobile phase was fixed at 1 ml min
À1
. All-trans retinol was used as the external standard (Sigma Chemical Co., St Louis, MO, USA). The detection limit of the method was 0.016 mmol l
. Reproducibility and recovery tests were carried out (Arnaud et al., 1991) .
Statistical analysis
The RDR test X20% was considered to be indicative of VAD according to the formula: RDR ¼ ((A 5 -A 0 )/A 5 ) Â 100 (World Health Organization, 1996) .
The Epi Info program version 2002 software (Centers for Disease Control and Prevention) was used to calculate height for age, weight for height and weight for age Z scores, comparing them with the National Center for Health Statistics standard reference population (World Health Organization, 1995; Dean, 1999; Centers for Disease Control and Prevention, 2000) .
The w 2 -test was used to compare basal serum retinol o1.05 with RDR-positive tests, to study the distribution of VAD between boys and girls, as well as the differences in the proportions among the various age groups.
The effect of the values of serum zinc on VAD was assessed by the Student's t-test.
The Fisher's test was used to determine if there were nonrandom associations between VAD and one of the following variables: nutritional status, anemia, CRP and AGP.
Results
Out of 103 children, 6 (5.8%) had serum retinol levels at baseline lower than 0.7 mmol l À1 while 27 (26.2%) had retinol concentrations lower than 1.05 mmol l À1 (Figure 1 ).
According to the RDR test, 20.4% of the children (21 of 103) were found to have VAD, although none of them showed evidence of ocular alterations related to VAD upon ocular inspection. The number of children with VAD detected by the RDR test was not significantly different from that obtained with the cutoff value of 1.05 mmol l À1 (P ¼ 0.97). Eight of them had serum retinol levels at baseline higher than 1.05 mmol l
À1
. In this group of children, basal retinol levels were 0.98±0.32 mmol l À1 (mean±s.d.) and increased to 1.66 ± 0.62 mmol l À1 after the administration of VA. A total of 82 children (79.6%) were diagnosed as nonvitamin A deficient (nVAD) according to the RDR test. Fourteen of them had serum retinol levels at baseline lower than 1.05 mmol l À1 and two of then showed concentrations lower than 0.7 mmol l
. In this paper we designated as VAD children with an abnormal RDR test.
There was no significant difference between boys (13 of 54) and girls (8 of 49) regarding the prevalence of VAD (P ¼ 0.33). Among children with VAD; 61.9% (13 of 21) were boys and 38.1% (8 of 21) were girls.
When different age groups were considered, there were no significant differences between them regarding the prevalence of VAD (P ¼ 0.63; Table 1 ).
There were few malnourished children and this situation was not associated with VAD. There was no stunted child, there was one child with wasting, who did not present VAD (P ¼ 1) and three children were underweight, two of them without VAD and one with VAD (P ¼ 0.5). Vitamin A deficiency in school-aged children VIC Custodio et al
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The prevalence of anemia (hemoglobin o11.5 g dl À1 ) was 13.8% (14 of 101), and there was no association between anemia and VAD in this group of children (P ¼ 0.15). Serum zinc was evaluated in 95 children and no child showed serum zinc levels p50 mg dl
À1
. The lowest value of zinc concentration was 60 mg dl À1 and was observed in two children without VAD. The mean zinc values ( ± s.d.) were similar for the group with and without VAD, 97.9 ± 16.8 and 94.1±13.9, respectively (P ¼ 0.
31). High values of CRP (X5 mg l
À1
) and/or AGP (X1200 mg l
) were observed in 7.3% (7 of 96) and 4.0% (4 of 98) of the children, respectively. No correlation was found between VAD and CRP (P ¼ 0.56) or AGP (P ¼ 0.56) ( Table 2) .
Discussion
In this study we identified 20.4% of children with subclinical VAD as determined by the RDR method. No child presented any clinical signs of VAD such as xerophthalmia, Bitot's spots, xerosis or corneal scars. The high prevalence of VAD among children without ocular alterations was an important finding of the present study and the WHO considers this rate to be a moderate public health problem for this population, which should be corrected by appropriate actions aiming at the improvement of health levels in this age range and the elimination of its repercussions on the future of these children.
Up to the second half of the 1980 decade, VAD was a source of concern only regarding its clinical signs, which range from night blindness to irreversible nutritional blindness. Today, however, cases of xerophthalmia, Bitot's spot and keratomalacia are considered to represent only the tip of the iceberg, with the existence of much larger proportions of populations in less advanced (marginal) stages of deficiency, a fact that may also contribute to morbidity and mortality among children, newborn babies, women of reproductive age, puerperae and nursing mothers, the groups traditionally considered to be at risk. It has been calculated that the total number of children with marginal VAD is 5-to 10-fold higher than the number of children with clinical deficiency (McLaren and Frigg, 2001; Hashizume et al., 2005; Santos et al., 2005) .
The epidemiological observations that relate marginal VAD to collaborate to an increase in the rates of childhood morbidity and mortality have led to the development of increasingly sensitive diagnostic methods and earlier diagnoses. Subclinical VAD can be evaluated in multiple ways, ideally by the histopathological method that involves the determination of the reserves of this micronutrient in hepatic tissue (a rarely used practice in population studies due to obvious technical difficulties). The indirect form, considered to be the gold standard for the quantification of body reserves of VA, is based on dose-response tests such as the RDR, which was used in the present study (Sommer and Davidson, 2002; Dolinsky and Ramalho, 2003) .
In the present study we obtained similar results for the incidence of VAD either considering RDR test or serum basal retinol o1.05 mmol l
À1
. In spite of this, there was no correlation between children with a positive RDR tests and children with retinol serum levels o1.05 mmol l À1 , as also reported in other studies (Silveira et al., 1999; Ferraz et al., 2004) . Schoolchildren, in general, have less important profiles of morbidity and mortality and nutritional deficiencies compared to infants and preschoolers, a fact that may explain the relatively small number of studies on this age range (Ferraz et al., 2000; Uribe et al., 2004) . Singh and West (2004) estimated that the prevalence of VAD in children aged 5-15 years (serum retinol o0.7 mmol l À1 ) is 23.4% in Southeast Asia. Mahawithanage et al. (2007) observed serum basal levels of retinol o0.7 mmol l À1 in 8.2% of children from 5 to 13 years. Hashizume et al. (2005) , in a study with 159 schoolchildren in Kazakhstan, found 21% of children with serum retinol values o1.05 mmol l
, a result similar to that obtained by us, however, none of these studies used the RDR method. De Abreu et al. (2005) found 48 malnourished children under 10 years, detected 10.4% with VAD according to the RDR method.
Although few malnourished children were observed, subnutrition was not correlated with VAD. Subclinical VAD in apparently well-nourished children represents one of the most important nutritional problems, the occult hunger. This phenomenon has been reported before (Pacheco-Santos et al., 1983; Tarwotjo et al., 1983; Donnen et al., 1996; Ferraz et al., 2000 Ferraz et al., , 2004 Castejó n et al., 2001) .
Plasma retinol is a negative acute-phase reactant that decreases during infections (Ramalho et al., 2002) , and it has been thought that the measurement of plasma retinol concentrations may not accurately reflect the VA status of populations with a high prevalence of subclinical infections, since some portion of low-retinol concentrations may be due to an acute-phase response. In this study, the number of children with subclinical infections according to CRP and AGP measurements was not significant and, moreover, it was not related to the RDR test. Therefore, the exclusion of individuals with elevated acute-phase proteins, as suggested in some studies (Thurnham et al., 2003) , was not necessary. The absence of a correlation between VAD and infectious stress in these children could be explained by the preliminary exclusion of children with fever or diarrhea. In this sample, age, sex, anemia, serum zinc and subnutrition were not correlated with VAD, a fact that might contribute to impair the suspicion of VAD in these children. Since zinc is an intracellular ion, the measurement of serum zinc is a good marker of acute deficiency of this microelement, impairing the evaluation of nutritional status (Queiroz et al., 2003) . Zinc participates in the metabolism of VA (Christian and West, 1998) and its deficiency can contribute to VAD (McLaren and Frigg, 2001) . In this study, there was no child with low serum levels of zinc.
Several possible physiopathological causes of VAD are deficient ingestion, impaired intestinal absorption or exacerbated VA losses. In this study, the causes of the high prevalence of VAD detected in this population have not yet been studied but the most probable hypothesis is that children of this age in this community ingest a low amount of VA-rich food. The food consumption surveys carried out in Brazil over the past 25 years have indicated that the ingestion of VA from natural sources is extremely low in 60% or more of the population. The WHO recognizes that 50% of the mean total VA ingested in South America comes from vegetable sources (provitamin A, carotenoids). It is important to point out that carotenoids without provitamin A activity are included in these 50%. The dietary monotony prevailing in the various strata of the population, especially the poorest ones, contributes to the maintenance of this still extant situation (World Health Organization, 1996; Santos et al., 2005) . The identification of the groups with VAD is of fundamental importance for the elaboration of programs to combat the deficiency of this micronutrient.
In conclusion, VAD represents a serious problem in more than 60 countries. Its prevalence is particularly high in regions such as Asia, Africa and Latin America, with Brazil being classified by the WHO as an area of severe subclinical deficiency. Because of its impact on the productivity of the population and the significant elevation it causes in the costs of the health care network, VAD is an obstacle to the development of many countries (McLaren and Frigg, 2001; Santos et al., 2005) .
By using the RDR test, moderate proportions of subclinical VAD were observed among apparently 'healthy' school-age children. This fact indicates the necessity of further studies in a larger population and at different geographical sites to determine the genesis and the real dimension of this nutritional deficiency.
